Polycystic ovarian syndrome (PCOS) is one of the most common endocrine disturbances in women of reproductive age. Besides its well-known effects on reproductive health, it is also linked to increased cardiovascular risk in later life. The aim of this study is to investigate some classical cardiovascular risk factors in a crossectional study of Bulgarian women with PCOS and/or obesity. We performed a retrospective medical chart review of 375 women from an university endocrine clinic. We found significant differences in the indices of carbohydrate metabolism, blood pressure, lipid profile, rate of liver steatosis, and the levels liver enzymes and hematological results between the lean and obese PCOS women. Obese women without PCOS did not show significantly different results in their OGGT form obese PCOS women. Waist-to-stature-ratio (WSR) correlated better with the baseline IRI levels and lipid profile than waist-to-hip-ratio (WHR) that makes it a better marker for unfavorable metabolic profile.
Introduction
PCOS is a prevalent disorder that affects approximately 6-10% of women of reproductive age [1, 2] and is a major cause of menstrual disturbances, hirsutism, and female anovulatory infertility. Many PCOS women show evidence of insulin resistance and hyperandrogenism. Current evidence suggests that insulin resistance and compensatory hyperinsulinemia are a central feature of PCOS [3] . Hyperinsulinemia appears to play an important pathogenic role in the hyperandrogenism of both obese and lean women with PCOS [4] [5] [6] . According to some studies, PCOS patients have an increased risk for diabetes mellitus [7, 8] and often show an adverse cardiovascular risk profile-increased rate of arterial hypertension [9, 10] , dislipidemia [10] [11] [12] [13] [14] , and subclinical inflammation and atherosclerosis [15] [16] [17] . Cardiovascular risk factors are usually present even in younger age and this suggests that the chronic disturbances in hormonal and metabolic status typical for the syndrome predispose the patients to development of early atherosclerosis and premature clinical presentation of cardiovascular disease.
Obesity plays an important role in the pathogenesis of PCOS, and around 30-75% of PCOS women are obese [18] [19] [20] . Over the last 20 years, the prevalence of obesity has dramatically increased, with probable associated increase in PCOS. Obesity contributes to the prevalence of the metabolic syndrome in PCOS patients [21] . Central obesity is often associated with PCOS [22] and carries increased risk for developing cardiovascular disease and type 2 diabetes [23] . The specific indicators of abdominal obesity are better for discriminating the high coronary risk than the usual obesity indicator BMI (body mass index) [24] . In clinical practice waist-to-hip ratio (WHR) has been used to determine the presence of central obesity. There are some indications however that waist-to-stature ratio (WSR) or waist circumference may predict cardiovascular risk better than BMI or WHR [25] . WSR has not been thoroughly studied as a predictor of cardiovascular risk in patients with PCOS. The aim of this study is to investigate some classical cardiovascular risk factors in a crossectional study of Bulgarian women with PCOS and/or obesity.
Materials and Methods
The sources of information in this study were the available medical charts of the patients referred to the Clinic of 2 Obstetrics and Gynecology International Endocrinology in Alexandrovska University Hospital-Sofia for the last 21 years (starting year 1990). In this retrospective study were included patients with diagnosed PCOS or obesity that had sufficient data in their medical charts to be included in the analysis.
Electronic database was created that included the following information for each patient.
(1) General Information: name, age, place of residence, date of admittance, hospital stay.
(2) Anthropometric Data: height, weight, body mass index (BMI), waist circumference, hip circumference, waist-to-hip ratio (WHR), waist-to-stature ratio (WSR). All laboratory tests were performed in the Central Clinical Laboratory of the Alexandrovska University Hospital in Sofia, which is the reference laboratory for the country. Because in the different periods included in the retrospective study there were some differences in the refference ranges, we used the following formula to unify the data:
where Y is the standard value; a 0 is the lower limit of the standard reference range, b 0 is the lower limit of the given scale, Δa is the difference between the upper and the lower limit of the standard reference range.
Hormones from the gonadal axis were measured during the early follicular phase after spontaneous or progestin induced bleeding.
For standard reference range of the hormones were accepted the following:
2 mU/L. In the study, were included premenopuasal women with obesity and/or PCOS. Exclusion criteria were considered as age less than 18 or higher than 45 years, postmenopausal state, severe hepatic, cardiovascular or endocrine disorders (incl. diabetes), or other concurrent medical illnesses. The patients were divided into three groups-group 1 Obese; group 2 Lean PCOS, and group 3 Obese PCOS. Comparison was made between the data from these three groups. 79.48 ± 8.95 * P < 0.05; * * P < 0.01; * * * P < 0.001 between group 2 and group 3. ∧ P < 0.05; ∧∧ P < 0.01; ∧∧∧ P < 0.001 between group 1 and group 2. n = number of patients.
As a part of this retrospective study, we performed an analysis of the data from the OGTT using different criteria for insulin resistance:
(1) elevated baseline IRI, # P < 0.05; between group 1and group 3. * P < 0.05; * * P < 0.01; * * * P < 0.001 between group 2 and group 3. ∧ P < 0.05; ∧∧ P < 0.01; ∧∧∧ P < 0.001 between group 1 and group 2. n = number of patients.
For this part of the study were used only the patients that had the full data from the OGTT (blood glucose on 0,60 and 120 min and IRI on 0, 60, and 120 min). For every patient were examined the presence of insulin resistance by each of these criteria and its prevalence in the general group and separately in each subgroup.
Statistical Methods.
The data were processed using the statistical package SPSS 16.0. The level of significance for rejecting the null hypothesis was P < 0.05. The following statistical methods were applied: descriptive analysis, variation analysis, Kolmogorov-Smirnov's one sample nonparametric test, Student's t-test for two independent samples, Kruskal-Wallis' nonparametric test for several independent samples, Mann-Whitney's nonparametric test for two independent samples, one-way analysis of variance betweengroups ANOVA with post hoc tests, and correlation analysis.
Results
Initially the present study included 375 women. After agematching of the three groups, 74 women with obesity were excluded and at the end 301 women aged 18 to 40 years participated in the analysis. Patients' characteristics are shown in Table 1 . Obese PCOS women did not significantly differ in weight, BMI, waist, hip, WHR, or WSR from the obese women without PCOS.
The results from the comparison between the three groups are shown on Tables 2-7. A statically significant difference was found regarding the results from the OGTT (blood glucose on 0 and 60 min and IRI on 0, 60, and 120 min), HOMA-index, glucose/insulin ratio, the rate of hypertension and dislipidemia, systolic and diastolic blood pressure, HDL, VLDL, and TG (Table 2) , the rate of liver steatosis and the levels of ALAT, GGT, and AP, and hematological results (WBC and ESR) (Table 3) between the lean and obese PCOS women.
Obese women without PCOS did not show significantly different results in their OGTT form obese PCOS women. These two groups however differ in the levels of testosterone and LH, ovarian volume (Table 4 ) and the rate of hirsutism (Table 6 ) and menstrual disturbances (length of menstrual cycle and the prevalence of oligomenorrhea).
A strong positive correlation was found between the body weight and baseline IRI and HOMA index in general (r = 0.58 and r = 0.59, resp., P < 0.01) that is most prominent in lean PCOS group. The correlation is weaker for IRI on 60 and 120 min of OGTT (r = 0.25 and r = 0.14, resp., P < 0.01). It is worth mentioning that WSR correlates better with the baseline IRI levels and HOMA-index (r = 0.31 and r = 0.59, resp., P < 0.05) than WHR (r = 0.18 and r = 0.38, resp., P < 0.05) that makes it a better marker for unfavorable metabolic profile.
A weak but statistically significant correlation was observed in the total group between the results from the OGTT (except fasting blood glucose) and systolic and diastolic blood pressure that disappear when patients are divided into groups according to diagnosis, except for the intermediate correlation that exists between SBP, DBP, and blood glucose on 120 min (r = 0.263 and r = 0.224, P < 0.05) IRI on ## P < 0.01; ### P < 0.001 between group 1 and group 3. * P < 0.05; * * P < 0.01; * * * P < 0.001 between group 2 and group 3. ∧ P < 0.05; ∧∧ P < 0.01; ∧∧∧ P < 0.001 between group 1 and group 2. n = number of patients.
120 min (r = 0.438 and r = 0.428, P < 0.05) only in obese PCOS patients. Again, WSR correlates better with SBP, DBP, and the rate of hypertension than WHR (r = 0.286, r = 0.263, and r = 0.198, resp., versus r = 0.136, r = 0.135, and r = 0.032, resp., P < 0.05). Differences in HDL-cholesterol, VLDL-cholesterol, and triglycerides were found between the lean PCOS patients and the other two groups. There is an intermediate correlation between the body weight and the levels of triglycerides (r = 0.39, P < 0.01) that after dividing the patients into groups persisted only in the lean PCOS group. Only in these patients, we observe a negative correlation between HDL-cholesterol and body weight (r = −0.45, P < 0.01). The same as for carbohydrate metabolism, WSR also shows stronger correlation than WHR with the levels of HDL (r = −0.27 versus r = −0.10), VLDL-choleserol (r = 0.38 versus r = 0.29, P < 0.05), and TG (r = 0.41 versus r = 0.27, P < 0.05) but not with TC (r = 0.03 versus r = 0.14).
As for liver function, the levels of the liver enzymes and the rate of liver stetaosis are significantly lower in the lean PCOS patients. A strong correlation between the body weight and the presence of liver steatosis (r = 0.56, P < 0.01) was found so we can say that the main factor for development of nonalcoholic fatty liver disease is the obesity. The levels of GGT but not ASAT, ALAT, or AP correlate with IRI on 0 and 60 min and HOMA index. The rate of liver steatosis also shows good correlation with IRI during the OGTT, HOMA index, glucose/insulin ratio, and diastolic blood pressure. 2.7% * P < 0.05; * * P < 0.01; * * * P < 0.001 between group 2 and group 3. ∧ P < 0.05; ∧∧ P < 0.01; ∧∧∧ P < 0.001 between group 1 and group 2. n = number of patients. # P < 0.05; between group 1 and group 3. * P < 0.05; * * P < 0.01; * * * P < 0.001 between group 2 and group 3. ∧ P < 0.05; ∧∧ P < 0.01; ∧∧∧ P < 0.001 between group 1 and group 2. n = number of patients.
WBC showed correlation with baseline blood glucose and HOMA index (r = 0.340 and 0.410; P < 0.05) but not with the results during OGTT. There is also intermediate correlation between WBC and VLDL and TG-levels (r = 0.358 and 0.333, resp., P < 0.01). On the other hand, ESR also shows good correlation to HOMA index, BMI, WHR, and WSR (r = 0.360; r = 0.441; r = 0.242; r = 0.397; P < 0.01) and not to any of the androgen levels.
The levels of testosterone and androstendione did not show significant correlation to the results of OGTT, lipid levels, blood pressure, liver enzymes, or blood count in the total group. Hemoglobin and hematocirte show a weak positive correlation to the testosterone levels (r = 0.239 and r = 0.199) but not to the levels of other androgens.
Interestingly, obese PCOS patients have significantly higher rate of family history for coronary heart disease compared to the other two groups (Table 8) . Lean PCOS patients have higher rate of family history of PCOS than obese PCOS patients. On the other hand, obese patients with or without PCOS have higher rate of family history for diabetes mellitus, hypertension, and obesity than lean patients.
As expected, the main reason for admittance of the obese patients without PCOS is obesity per se while for the other two groups the leading reason are menstrual disturbances followed by hirsutism. However, menstrual disturbances as a reason for admittance are significantly more common in lean PCOS patients than in obese PCOS patients.
The use of metformin is most frequent in the obese PCOS group and does not significantly differ between the other two groups (Table 7) . That can be explained by the more prominent insulin resistance in patients that have both obesity and PCOS. It must be noted, however, that lean PCOS patients start insulin sensitizing therapy as frequent as obese women without the syndrome. There still remains opened the question how is insulin resistance detected in every single patient (Table 8) .
Of 375 women in our study 155 had the full set of data from the OGTT (blood glucose and IRI on 0, 60, # P < 0.05; ## P < 0.01; ### P < 0.001 between group 1 and group 3. * P < 0.05; * * P < 0.01; * * * P < 0.001 between group 2 and group 3. ∧ P < 0.05; ∧∧ P < 0.01; ∧∧∧ P < 0.001 between group 1 and group 2. n = number of patients. and 120 min). In every one of them, we assessed the presence or the lack of impaired fasting glucose, glucose tolerance, or insulin resistance according to these criteria. The presence of insulin resistance using the increased baseline insulin or insulin elevation over 100 mU/L during the OGTT correlates better with the arterial blood pressure and lipid levels than when using elevation of IRI more than 5 times over the baseline (Table 9) . These data show a lower level of insulin resistance in lean PCOS subjects compared to the other groups. There is also a different rate of insulin resistance when using different criteria in the total group and in every subgroup. In the three groups, there is a higher rate of insulin resistance when using the elevation of IRI more than 5 times over the baseline. In this case, the rate of insulin resistance in the three groups is similar. It should be noted, however, that the highest elevation of IRI is seen in some patients on the 60 min of OGTT and in others on 120 min of the OGTT. For this reason to benefit from the full diagnostic power of the method, it is necessary to measure IRI both on 60 and 120 min, otherwise, we would miss patients with insulin resistance.
Discussion
The aim of the study was to investigate some cardiovascular risk factors in young women with PCOS. This is the largest study on PCOS patients in Bulgaria.
The link between the obesity and reproductive problems in women has been studied for a long time and is confirmed from the results of a number of epidemiological and clinical studies (for review [26] ). The rate of obesity in patients with PCOS is between 30% and 70% depending on the ethnicity and the used criteria for diagnosis of PCOS [27, 28] . Therefore, PCOS patients can be divided into two main phenotypes according to their BMI-lean and obese that have very different metabolic and cardiovascular risk profile. Although the insulin resistance is thought to be fundamental for PCOS, obesity tends to worsen it and the metabolic disturbances [29] . Our data support this theory and show that the indices of carbohydrate metabolism-fasting blood glucose and blood glucose on 60 min of OGTT and IRI on 0, 60, and 120 min of OGTT and HOMA index are significantly lower in lean PCOS subjects but do not differ significantly in obese and obese PCOS women although obese PCOS patients have higher mean values. This is why it can be postulated that the obesity and PCOS worsen their unwanted effects on the carbohydrate metabolism and lean PCOS women have comparatively discrete disturbances. Our data show that the metabolic indices, SBP, DBP, and hematological results are highly dependent on the presence of obesity and not on the presence of PCOS in the patients. The hyperinsulinemia has an important role in the development of hypertension by increasing the sodium retention [30] , and in this way, it leads to increased intracellular levels of sodium and calcium [31] . Insulin also increases the release of IGF-1, which can lead to hypertension as a result of nonstriated-muscle hypertrophy. We found a correlation between IRI during OGTT and systolic and diastolic blood pressure.
Many patients with PCOS have classical signs of metabolic syndrome. In healthy women with normal body weight and preserved insulin sensitivity, the adipocytes release small amounts of free fatty acids (FFAs) and have a normal activity of the lipoprotein lipase (LPL). In these women, the physiological levels of testosterone act in synchrony with the insulin and suppress the release of FFA, so they have antilipolytic effect [32] . In women with obesity, there is an increased production of FFA and decreased activity of LPL as a result of the prominent insulin resistance. In these conditions, the high androgen levels additionally worsen the disturbances in the lipid metabolism [32] . It is thought that approximately 70% of the patients with PCOS have disturbances in serum lipid levels [33] . Even after weight adjustment, the lipid abnormalities persist [10, 34] . In our study, we found differences in HDL, VLDL, and TG between the lean PCOS patients and the other two groups.
There are data that the total white blood cell count is an independent risk factor for coronary heart disease [35, 36] and related to it morbidity and mortality [37] . In some studies in women with PCOS, there are higher WBC levels than in healthy women that correlate well with the markers of insulin resistance (HOMA index) [38] . We also found correlation between WBC and VLDL and TG-levels that promote the development of atherosclerosis. We found significantly higher levels of ESR in obese compared to lean PCOS patients. ESR showed positive correlation to BMI, WHR, WSR, and HOMA index. To our knowledge, this is the first study that assesses the ESR in PCOS patients. The increased levels of white blood cells and ESR are probably linked to subclinical inflammation that plays an important role in early clinical manifestation of atherosclerosis.
Testosterone stimulates the hematopoiesis in the bone marrow and, consequently, increases the hematocrit [39] . Hypogonadal men have a statistically significant lower hematocrit [40] . In accordance to this, we found a weak correlation between the levels of testosterone but not with other androgens to hemoglobin and hematocrit levels. In our study, lean and obese PCOS patients do not significantly differ in their testosterone levels and that is why they have similar blood count indices. On the other hand, obese PCOS patients have higher testosterone than obese women without PCOS and that goes with significantly higher hemoglobin but not hematocrit. It is important to note that hemoglobin and hematocrit correlate with testosterone but not with other androgen levels.
The indices of clinical hyperandrogenism are the highest in the obese PCOS patients and this confirms the theory that obesity worsens the disturbances caused by PCOS and aggravates the clinical presentation of the syndrome.
The family history for obesity is more frequent in obese patients no mater if they have PCOS or not. On the other hand, the family history for PCOS is more frequent in lean PCOS women and this suggests the more important role of the genetic milieu in these cases. Unlike that for obese PCOS women, probably of utmost importance is the presence of obesity. Studies show higher prevalence of diabetes mellitus in relatives of PCOS patients [41, 42] and particularly of those with impaired glucose tolerance or overt diabetes [43] . We found a higher rate of family history for diabetes only in obese PCOS patients. These patients also have notably higher family history of coronary heart disease that can be related to the increased cardiovascular risk in later life.
The absolute waist circumference (>88 cm) and the WHR (>0.85) are both used as measures of central obesity in women [44] . Recently, another measure of central obesity was proposed which has shown superiority to BMI in predicting cardiovascular disease risk is the waist-tostature ratio (WSR), where a ratio of ≥0.5 (i.e., a waist circumference at least half of the individual's height) is predictive of increased risk [45] . In light of concerns raised about the ability of BMI alone to predict cardiovascular risk, some studies have recently attempted to compare BMI with waist circumference and other anthropometric measures of obesity, such as WHR and WSR, as predictors for cardiovascular risk. In a meta-analysis of abdominal obesity indices comparing BMI, waist circumference, WHR, and WSR, researchers concluded that WSR was the best predictor for both hypertension and dislipidemia for both men and women, while BMI was the least accurate predictor of hypertension [46] . To our knowledge, our study is the first to show that WSR is a better marker for unfavorable metabolic profile (OGTT results, blood pressure, and lipid profile) than WHR in a specific group of PCOS patients. Further large-scale studies are necessary to position the different anthropometric parameters, according to definite endpoints.
Our results confirm the presence of insulin resistance both in lean and obese PCOS women that is, however, more pronounced in obese subjects. According to our data, the increased baseline insulin is much more sensitive in patients with obesity with or without PCOS than the standard OGTT without IRI measurement regarding the carbohydrate metabolism disturbances. This is not seen in lean PCOS subjects where the rate of IFG/IGT is the same as that of increased baseline insulin. In our previous study, it was shown that IGT and/or diabetes on 120 min of OGTT was diagnosed in 8.5% of the women with PCOS while IFG and/or diabetes on 0 min of OGGT-only in 2.2% of the patients [47] . In the present study, however, patients with diabetes were excluded, but in the whole population with OGTT, 12.9% had disglycemia-IFG and/or IGT.
In the three groups, insulin resistance according to the criteria of IRI over 100 mU/L during the OGTT is seen two times more frequently on 60 min than on 120 min. So, if for some reason only two measurements of IRI during the OGTT are available, they must be on 0 and 60 min and not on 0 and 120 min. This is mostly true for lean PCOS patients because in the other two groups the diagnostic powers of the increased baseline insulin levels are comparable to the response of the insulin on 60 min and exceed that on the 120 min.
As to the HOMA index, its ability to diagnose the insulin resistance is highest in obese PCOS patients and lowest in lean PCOS patients. That is true also for decreased glucose/insulin ratio.
Limitations. Our study has all the limitations of retrospective crossectional studies-lack of all data for each patient, different clinical approach during the different periods, and so forth.
Conclusion
(1) Obesity is the most important factor for unfavorable metabolic and cardiovascular risk profile in PCOS patients.
(2) In our study population, WSR is a better anthropometric marker of adverse metabolic profile in women with PCOS and/or obesity than WHR.
(3) Carbohydrate metabolism testing is necessary in all PCOS patients because of the high prevalence of its disturbances.
(4) In patients with obesity with or without PCOS only the baseline indices-glucose and IRI and HOMA index can be used.
(5) In lean PCOS patients, an OGTT with IRI measurement on 0, 60, and 120 min is highly recommended.
(6) ESR show positive correlation with BMI and the indices of insulin resistance, but not with androgen levels.
